The mechanism of the CO ligand dissociation of fac- [Re I (bpy) (CO) 
Introduction
The photochemistry and photophysics of the rhenium(I) diimine tricarbonyl complexes, fac-[ReI(bpy)(CO) 3 L] n+ (bpy = 2,2′-bipyridine, L = various monodentate ligands, n = 0, 1), have attracted a lot of interests since they show emissions in good quantum yields even in solution at ambient temperature 1 and can play a role as a photocatalyst for CO 2 reduction. 2, 3 The electronic states of these complexes are characterised by 5d orbitals of the rhenium atom MLCT state. 4 The 3 MLCT state cannot be optically accessed from the electronic ground state, which is a singlet state herein, while the initial photoactivation of the rhenium(I) complexes is of singlet metal-to-ligand charge-transfer ( 1 MLCT) character. Such a decay process can be achieved in several hundreds of femtoseconds.
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The complex with a halide ligand, e.g. fac- [Re I (bpy)(CO) 3 Cl], is thermally and photochemically robust under low-energy ultraviolet (UV) light ( > 330 nm). [8] [9] [10] On the other hand, the complex with a phosphorus ligand, e.g. Characterizing CI and SX is important since the IC or ISC efficiently occurs at the CI or SX, respectively. 15 Generally speaking, the geometry optimisation for a CI (or a SX) requires a computation of the non-adiabatic coupling matrix elements (NACMEs) and the complete-active-space self-consistent-field (CASSCF) method 16 or much higher levels of ab initio electronic structure theory can only compute the NACMEs, but the CASSCF calculation is demanding and costly so that it cannot be applied to 
Computational details
The minima of the potential energy surfaces and the minimum energy conical intersections level of calculation; the 6-31G basis set 24 was applied to H, C, N, O atoms, the 6-31G(d) to P atom, 25 and SDD (Stuttgart/Dresden) ECP basis set with quasi-relativistic effect corrections to Re atom. 26 Solvent effects of acetonitrile were considered by the conductor-like polarizable continuum model (C-PCM). 27 In this model the equilibrium solvation was taken into account. The obtained structures by the SC-AFIR search were refined at the (bpy)(CO) 3 X] (X = Cl, Br, I). 6, 22 Table 1 shows the relative energies of the low-lying singlet (S 1 , S 2 , and S 3 ) and triplet (T 1 , In this relaxation pathway, the deformations of molecular geometry are very small. The elongations of the Re-P, Re-C ax , and Re-C eq bond lengths do not exceed 0.078 Å (~3%), 0.052 Å (~3%), and 0.077 Å (~4%), respectively. The C eq -Re-C eq angle varies between 85.04° and 95.65°, and this is the largest change among the bond angles. These features are quite similar to [Re(bpy)(CO) 3 X] (X = Cl, Br, I) complexes, 6 although the XLCT (halide-to-ligand CT) character is absent. The XLCT character might contribute to lower energy levels of the excited states in [Re(bpy)(CO) 3 Cl] system by 0.2 -0.5 eV.
Results and Discussion

The Excited States and the Relaxation Pathway
Mechanism of the Photochemical Ligand Substitution (PLS) Reaction
After the photoexcitation and the ISC between the singlet and triplet states, the ) above the T 1 -min (bent), exists as a TS along the Re-CO ax dissociation coordinate (T 1 -TS (dissociation)). Some of the structural parameters are summarised in Table 3 , and the energy profile is depicted in Fig. 4 (a).
To evaluate whether the B3LYP functional and C-PCM model describes the relative energy between the MLCT and MC states properly, the kinetic data is calculated and it is compared with the experimental data. 11 The overall PLS reaction rate constant k' r can be written by the rate constants for elementary steps, k th (T 1 -min (global) → T 1 -TS (bent)), k -th (T 1 -TS (bent) →
T 1 -min (global)), and k r (T 1 -TS (bent) → T 1 -TS (dissociation)). Once the CO ligand leaves it
is assumed that no CO ligand returns to the T 1 -min (bent), so that k -r (T 1 -TS (dissociation) → T 1 -TS (bent)) to be zero. Then the overall PLS reaction rate constant k' r based on the steady state approximation is (1) and the overall free energy barrier (G r ') can be calculated as (2) where R is the gas constant and T is the temperature. (bpy)(CO) 3 Cl] and the structural parameters are summarised in Table 4 , and the energy profile is depicted in Fig. 4 (bpy)(CO) 3 Cl] (Fig. 5) , except the MESX after the CO eq dissociation (at 3.34 eV).
However, all of these MESXs are located at higher energy than 3.22 eV of the T 1 -TS (dissociation). On the Re-CO ax dissociation coordinate the MESXs at 3.45 and 3.50 eV ( Fig.   6 (iii) and (iv)) would be most effective, but the TS for the PLS reaction has much lower energy, then the PLS reaction is energetically preferred. In addition, the spin-orbit coupling (SOC) constant at the T 1 /S 0 -MESX computed by the linear response theory 31 is 2.55 cm -1 ( Fig. 6(iii) ), and that of fac-[Re I (bpy)(CO) 3 Cl] is 47.8 cm -1 (Fig. 5(ii) ). This supports (bpy)(CO) 3 P(OMe) 3 ] + . From the viewpoint of the efficiencies of the dissociation on the T 1 and of the decay to the S 0 , the reactivity is explained successfully.
Selectivity of CO Position on the PLS Reaction
The rhenium tricarbonyl complex has three carbonyl ligands, an axial and two equatorial
COs. Only the dissociation pathway for CO ax has been discussed above since the 13 C-NMR study has revealed that any CO eq are not dissociated. 11 In this study, however, the transition state structures towards the PLS reaction have been searched by the SC-AFIR method, not only for CO ax but also for CO eq . (bpy)(CO) 3 Cl] are depicted in Figure 4 as well as that of the Re-CO ax . The structural parameters are also summarised in Table 5 and Table 6 . In the same way as the Re-CO ax dissociation pathway, it is characterised by bending of the CO eq .
However, the (T 1 -TS (dissociation)) eq is located at much higher energy than the (T 1 -TS (dissociation)) ax and the S 0 /T 1 -MESXs, so that the Re-CO ax dissociation is energetically preferable. Note that the T 1 -TS (bent) would exist as a T 2 /T 1 -MECI because the character of the state is interchanged between the 3 MLCT and 3 MC. In this study, the (T 1 -TS (bent)) eq is obtained as the T 2 /T 1 -MECI.
Conclusions
In this article, the mechanism of the CO ligand dissociation of 
